Aim: Both oxidative stress and inflammation are known to play roles in the pathogenesis of cardiovascular disease. We investigated the relations between reactive oxygen metabolites (ROMs) and various inflammatory and metabolic parameters in a Japanese population. Methods: We analyzed 48 male and 69 female subjects, aged 25 to 65 years, who underwent an annual health checkup in our university. Serum ROM level was assayed using a free radical elective evaluator. We also measured serum concentrations of high-sensitivity C-reactive protein (hsCRP), insulin, and high molecular weight (HMW) adiponectin. Results: Although the serum ROM level in females (347 83 Carr U) was slightly higher than in males (333 53 Carr U), this was not statistically significant. In the 48 male subjects, the ROM level 
social problem. Because these conditions often develop concurrently via visceral fat accumulation 1) and/or insulin resistance, they have been called syndrome X 2) , the deadly quartet 3) , insulin resistance syndrome 4) , and visceral fat syndrome 1) . Recently, this syndrome has been called metabolic syndrome. The above conditions pertaining to metabolic syndrome are important risk factors for atherosclerosis and cardiovascular disease, and comorbidity of these factors is known to increase the risk of cardiovascular diseases, not additively, but rather synergistically 5)
Introduction
Since the introduction of a westernized diet and reduced physical activity in Japan, as reflected by automation and motorcars, the prevalence of lifestylerelated diseases, such as abdominal obesity, type 2 diabetes mellitus, hypertension, lipid abnormalities, and atherosclerotic disorders, has increased and become a Inflammation characterizes all phases of atherothrombosis and provides a critical pathophysiological link between plaque formation and acute rupture leading to occlusion and infarction 6, 7) . High-sensitivity C-reactive protein (hsCRP) is considered the best characterized of the currently available inflammatory biomarkers, and has emerged as a potential marker for cardiovascular risk 7, 8) . It is also known that oxidative stress is involved in the formation and progression of atherosclerosis. Recently, serum reactive oxygen metabolites (ROMs) have been reported to be a reliable biomarker to assess the effectiveness of various antioxidant treatment strategies 7, 9, 10) . Accumulating evidence has revealed that adipose tissue is not only an energy storage organ, but also a highly active endocrine organ 11) . Moreover, it is well established that adipokines, a variety of biologically active peptides secreted from adipose tissue, play crucial roles in the pathophysiology of obesity-related complications. Among the many known adipokines, adiponectin has attracted considerable attention. Adiponectin was shown to be an anti-diabetic, anti-inflammatory and anti-atherogenic cytokine 12, 13) . We 14) and other groups [15] [16] [17] [18] have reported that the serum adiponectin level correlates negatively with adiposity variables and insulin resistance. Furthermore, genetic variation of the adiponectin gene, especially the single nucleotide polymorphism (SNP) 276G T, has been reported in Japanese subjects to relate to both type 2 diabetes mellitus 19) and carotid atherosclerosis 20) . We have reported the significance of the insulin resistance index 21) and high molecular weight (HMW) adiponectin 14, 22) in subjects who underwent a health checkup at our university.
Thus, the aim of this study was to clarify the relations between an oxidative stress marker, ROMs, in serum and various inflammatory and metabolic parameters in a general Japanese adult population.
Subjects and Methods

Subjects
The present study included 50 male and 73 female subjects, aged 25 to 65 years, who underwent an annual health checkup in 2007 at Keio University, Tokyo. Subjects with endocrine disease, significant renal or hepatic disease, and those receiving medication for diabetes mellitus were excluded. We also conducted a questionnaire regarding their lifestyle. This study was conducted according to the principles expressed in the Declaration of Helsinki. Informed consent was obtained from each subject after full explanation of the purpose, nature, and risk of all procedures used. The protocol was approved by the ethical review committees of the Health Center and the Department of Internal Medicine, School of Medicine, Keio University, Tokyo, Japan.
Measurements
Systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate were measured twice using an automatic electronic sphygmomanometer (BP-103i ; Nippon Colin, Komaki, Aichi Prefecture) with the subject seated after resting for at least 5 min, as described previously 14, 21, 22) . Height, weight, fasting plasma glucose, serum insulin, HMW adiponectin, total cholesterol, LDL-cholesterol, HDL-cholesterol and triglycerides were measured around 9 AM after an overnight fast. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared.
Plasma glucose and serum lipids were assayed by routine automated laboratory methods, as described previously 14, 21, 22) . Serum insulin concentration was measured by an enzyme immunoassay, using a commercially available kit (Tosoh, Tokyo), with intra-and inter-assay coefficients of variance (CVs) of 2.9 − 4.6% and 4.5 − 7.0%, respectively 14, 22) . The insulin resistance index was assessed by homeostasis model assessment (HOMA-IR) 23) . Serum hsCRP concentration was measured by nephelometry, a latex particle-enhanced immunoassay (N Latex CRP ; Dade Behring, Tokyo) with both intra-and inter-assay CVs of 5.0%. The assay could detect 5 g/L CRP.
HMW adiponectin was measured using a commercially available kit (HMW Adiponectin ELISA Kit; Fujirebio Inc., Tokyo). This ELISA system does not need a denaturing step, and the monoclonal antibody (IH7) is reported to react specifically with the HMW form of adiponectin 24) . The dilution curve was parallel to the standard curve. Intra-and inter-assay CVs were 2.4 − 3.0% and 4.2 − 5.1%, respectively.
Measurement of Reactive Oxygen Metabolites (ROM)
The oxidative status was studied by measuring hydroperoxide concentration in the serum according to an automated method (d-ROMs test; Diacron srl, Italy) using a free radical elective evaluator (F.R.E.E.; Diacron srl, Italy) 25) . In brief, a 20 L serum sample and 1 mL buffered solution (R2 kit reagent, pH 4.8) were gently mixed in a cuvette, and then 10 L chromogenic substrate (R1 kit reagent) was added to the cuvette. After mixing well, the cuvette was immediately incubated in the thermostatic block of the ana-lyzer for 5 min at 37 , and then absorbance at 505 nm was recorded. Measurements are expressed as Carr Units, and it has been reported that 1 Carr U corresponds to 0.8 mg/L H2O2. Reference values indicated as 'normal' by the manufacturer (Diacron srl) are from 250 to 300 Carr U; values higher than 300 Carr U suggest oxidative stress 26, 27) . The intra-and inter-assay CVs were 0.3 − 6.6% and 0.3 − 5.1%, respectively.
Statistical Analysis
Statistical analyses were performed using the SPSS ® program for Windows (version 15.0-J; SPSS Japan Inc., Tokyo). All data are expressed as the mean S.D., and values of p 0.05 were considered significant. Significance of the mean value difference between two groups was analyzed using the MannWhitney U-test.
We excluded 6 subjects (2 males and 4 females) from the analysis, whose serum hsCRP level exceeded 500 g/L. Relations between ROMs and other parameters were analyzed by simple correlation and stepwise linear regression. Stepwise regression was performed in a forward direction with F for the entry set to 4. The following variables were used for the regression model: age, sex, BMI, diastolic blood pressure, HOMA-IR, serum creatinine, and hsCRP. Because serum ROMs, insulin, HOMA-IR, HMW adiponectin, triglyceride, and hsCRP levels were normally distributed after logarithmic transformation, we used logarithms of these data for the analyses.
We further divided the study subjects into tertiles based on serum ROM levels. Analysis of variance (ANOVA) followed by Scheffe's multiple comparison test was used to compare parameters among the 3 groups.
Results
The mean ROM level was 341 72 Carr U (range: 219 − 601 Carr U). Although the ROM level in females (347 83 Carr U) was slightly higher than in males (333 53 Carr U), there was no statistical significance. Furthermore, there was no difference in the ROM level between the 9 smokers (348 70 Carr U) and 108 non-smokers (341 73 Carr U), or between the 7 diabetic subjects (309 56 Carr U) and 110 non-diabetic subjects (343 73 Carr U).
We examined the correlation between ROMs and various inflammatory and metabolic parameters. In the 48 male subjects, the ROM level negatively correlated with age, and positively correlated with the hsCRP level (Table 1 and Fig. 1 ). In the 69 female subjects, the ROM level negatively correlated with serum creatinine, and positively correlated with insulin, HOMA-IR and hsCRP levels. There was no correlation between ROM and HMW adiponectin levels in males or females. As shown in Table 2 , stepwise multiple regression analysis revealed that serum hsCRP, creatinine, and age were independently correlated with the serum ROM level.
There were gender differences in most values in Table 1 , except for age, heart rate and hsCRP: although the serum hsCRP level in men tended to be higher than in women, there was no statistical significance; therefore, we divided the study subjects into tertiles according to the ROM level. The concentration of the 33rd and 67th percentile was 306 and 360 Carr Units, respectively. The serum level of hsCRP was significantly different among the three groups: 19.6 24.1 g/L, 26.2 25.3 g/L, and 75.5 83.2 g/L in the low, middle, and high ROM tertile groups, respectively (p 0.001).
Discussion
Although hsCRP is considered the best characterized of the currently available inflammatory biomarkers 7, 8) , its level is often unstable and increases easily, for example, with concomitant systematic infection. Recent reports suggest that reactive oxygen metabolites (ROMs) in serum are also a reliable biomarker 7, 9, 10) : it has been reported that the ROMs assay was useful to assess the antioxidant treatment strategies 10) and the severity of influenza virus-associated encephalopathy 25) . Furthermore, the ROM assay is relatively inexpensive and can be performed easily in 5 − 7 minutes.
There were no gender differences in the ROM or hsCRP levels in this study, although the serum hsCRP level in men tended to be higher than in women. It was unexpected that the serum ROM level was not correlated with adiposity or metabolic parameters. In addition, the ROM level was not different between diabetic and non-diabetic subjects, or between smokers and non-smokers. These findings, however, were considered to be due to the small number of diabetic subjects (n 7) and smokers (n 9) in this study. Instead, the ROM level was significantly and positively correlated with the serum hsCRP level both in males and females.
Several reports have shown a positive correlation between serum ROM and hsCRP levels in patients with coronary artery disease 28) and those undergoing hemodialysis 29, 30) . To our knowledge, however, there has been only one report 31) on the general population. Their subjects were relatively older (mean age 65 13 years) in Mima City, Tokushima Prefecture, Japan.
Our results in the younger age group (48 9 years) in Tokyo and Yokohama in Japan were in accordance with their results 31) : ROM levels positively correlated with hsCRP levels, but not with adiponectin levels. As for the mechanisms, Fukuchi, et al. 32) reported the immunohistochemical detection of oxidative stress biomarkers, dityrosine and N -(hexanoyl)lysine, and C-reactive protein in rabbit atherosclerotic lesions.
Also, fluvastatin was reported to reduce cholesterol oxidation products and VCAM-1 in type 2 diabetic patients with hyperlipidemia 33) , possibly through its anti-oxidative effects.
A recent study involving elderly Japanese subjects reported that a low level of HMW-adiponectin and a high level of hsCRP were synergistically associated with an increase in the number of metabolic abnormalities 34) . Moreover, we have reported that the combination of hsCRP and HMW-adiponectin reflects further metabolic abnormalities compared with each alone in Japanese patients with type 2 diabetes mellitus 35) . Further studies will be needed concerning the significance of the clinical use of the ROM assay for different ages, races, and disease status. To summarize, in this study of subjects who underwent a health checkup, there was a significant positive correlation between serum ROM and hsCRP levels in both males and females, which suggests that ROMs may be closely associated with inflammation compared with insulin resistance or adipokine abnormalities.
